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An optical recording medium capable of recording,
rewriting and erasing information utilizing changes in




U.S. Patent Dec. 7, 1993 Sheet 1 of 7 5,268,254

- 6
- |

O
(Ll Ll L2 4
NN ANANANNNNOSOSOSONNNNN
(LSS > 2

— 1

FIG. 1
°C
750
|
u
700 t
Bio Teo S

650

- B22° g

0N O
0 O
o0 O

SO
-<

NN\

$)
&)
O
AONONONONAINNNY
Q

N

O

O
5
®,
><

20 o0 80 Bi>S3

0
N
D’
3

AN

O

MOL. %

AL
o
N



U.S. Patent Dec. 7, 1993 Sheet 2 of 7 5,268,254

°C
700

500 -
400
300

200

MOL. %

SOLID PHASE
(SOLID SOLUTION)
200 '
O 02 04 Oo 0.8 1.0
SboTez X Bi2Se3

(SboTez)i-x(BinSez),

FIG. 4



U.S. Patent Dec. 7, 1993 Sheet 3 of 7 5,268,254

CONTROLLER

20

CONTROLLER

FIG 5

(LSS S S S L L4
SOMON N NN N NN NN NN\

/L A2
1

3

F1G. 6



U.S. Patent Dec. 7, 1993 Sheet 4 of 7 5,268,254

MEAN
REFLECTANCE (%)

31

30

29

o8 Tx= 131°C

l TEMP-RAISING RATE:

7 20°C/MN

26 . .
50 100 150 200 250 300
TEMPERATURE (°C)

VEAN FIG. 7

REFLECTANCE (%)
43

42

41

Tx=101°C

40

TEMP-RAISING RATE:

20 °C/MIN.
39

38 J f |
o0 100 190 200 250 300
TEMPERATURE (°C)

FIG. 8



5,268,254

GC

Sheet 5 of 7

Dec. 7, 1993

U.S. Patent

Ol 9l
(MW) ¥IMOd YISV
02 Gl Ol
- _ 0
SUOO} :HLAIM 3STNd ﬁ
suoQIMwGe  f o
ONISYE 404 351Nd
. 0
S
20
(4/47)
LSVYINOD

L, Ol

00 O
00
0 O

- alla 9 F -
-

O000 00000000 OO0
C 00000000000 0O

C0O OO0 0O0O0O0O0OO0O0OODODOO

x

P OO0 OO0CO0O 00000000000 OO0

0
e

(SUYHLAIM 3STINd
Ol

>0l ol
—10
NOIOJY
ANITIVLISAHO
X}
O O k 5
O OO0
O OO0 O
00O
000 C Ol
O\ 000 O
O OO0 O
O O
O O
o o Gl
O O
O O
O O
O O
O O ON
O Ol O
o
DG MDY Db B e,
NOI9DIH (M)

SNOHJHOWY HAMOd 445V 1



- U.S. Patent Dec. 7, 1993 Sheet 6 of 7 5,268,254

06
Geo Sbo Tes
CONTRAST
(4AR/R)
04 °
@
o L 4
O
0.2
O
Pa /
PULSE FOR ERASING:
l - 10 mMW.100 ns
£ PULSE WIDTH: 100ns
O O
10 15 20 25 30

LASER POWER (mW)

FIG. 11



U.S. Patent Dec. 7, 1993 Sheet 7 of 7 5,268,254

0.2
X=0.15
CONTRAST o
(AR/R) o ogﬂo % | o‘oumo ° .o
0.1 N
PULSE FOR WRITING: 19 mW,100 ns
PULSE FOR ERASING: OmW, 100ns
O'

00 1o 102 13 1% o
NUMBER OF REWRITING

FIG. 12
0.4
G628b2T65
0.3
CONTRAST
(AR/R) © 0%, o o :
0.2 r ae 5 g Yoo Y

|
PULSE FOR WRITING:19mW, 100ns
PULSE FOR ERASING:10mW, 100ns

q _
o 1 102 100 * 1
NUMBER OF REWRITING

FIG. 13



),268,254

1
OPTICAL RECORDING MEDIUM

This application is a continuation of application Ser.
No. 07/485,315, filed Feb. 28, 1990, now abandoned.

FIELD OF THE INVENTION

The present invention relates to a rewritable optical
recording medium in which information is recorded,
reproduced, or erased by means of a light beam, such as
a laser light beam, which is focused on the recording
medium to cause the irradiated regions to undergo
changes in optical properties. More particularly, this
invention relates to an improved optical recording me-
dium in which information can be rewritten stably in a
wide linear speed range and the recorded information
can be stored for a prolonged period of time.

BACKGROUND OF THE INVENTION

Among conventional rewritable optical recording
media in which information is recorded by means of
laser light or other light is an magneto-optical recording
medium, which has been put to practical use in some
fields. In this system, information is recorded by creat-
Ing regions of reverse magnetization in a recording
material layer by means of light energy and magnetic
field, and reproduced signals are obtained by detecting
differences in the angle of Faraday rotation or Kerr
rotation due to magnetization direction. This system,
however, is disadvantageous in that since there is no
practical method for rewriting information at least
within one sector, it has been of limited application.

Another rewritable optical recording medium is a
so-called phase-change optical recording medium,
which utilizes the crystalline-amorphous phase change
and is now being studied. In this system, information
can be rewritten within one sector by means of two
light beams (that is, recorded information is erased by
the first beam and new information is then recorded by
the second beam). Another advantage of this system is
that in the case of a recording medium employing a
recording material which shows a short crystallization
~ time, overwriting (simultaneous erasing and writing)
can be performed by means of one light beam, so that
this system is of wide application in many fields.

As recording materials for use in such phase-change
optical recording media, GeTe (4ppl Phys. Lett., 49
(1986) 502), In-Se-T1-Co (Jpn. J. Appl. Phys., 26 Sup-
plem. (1987) 67), and Ge-Sb-Te (JP-A-63-225934) have
been proposed. (The term “JP-A’ as used herein means
an ‘“‘unexamined published Japanese patent applica-
tion”.) In general, recording on the phase-change opti-
cal recording medium is conducted by focusing a light
beam, such as a semiconductor laser beam, on the layer
of a recording material, such as those mentioned above,
to melt the recording material in the irradiated regions
and then rapidly cooling the melted recording material
to form regions in an amorphous phase in accordance
with the information to be recorded. For erasing the
thus-recorded information, the amorphous-phase re-
gions are irradiated with a focused light beam having a
low power compared to the light beam used for record-
ing to maintain the recording material in the irradiated
regions at a crystallization temperature for a certain
period of time, whereby the phase of the regions are
changed back into crystalline one.

Recording materials for use in such phase-change
optical recording media are preferably ones which
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show short crystallization times from the standpoint of
simplifying the optical system or attaining improved
phase change speed, and which are highly stable in their
amorphous phase from the standpoint of storing re-
corded information for a prolonged period of time.

Among the above-mentioned conventional phase-
change type recording materials, Ge-Sb-Te has been
thought to be one of the best materials which possesses
the above two properties. Illustratively stated, the Ge-
Sb-Te disclosed in JP-A-63-225934 is prepared by mix-
ing SbyTes, which has a short crystallization time but is
insufficient in amorphous phase stability, with GeTe,
which 1s good in amorphous phase stability but has a
long crystallization time, and hence the Ge-Sb-Te has
been regarded as intermediate in properties between
Sb>Tes and GeTe.

However, the GeTe part constituting the above Ge-
Sb-Te disadvantageously has the property of not rap-
idly changing into amorphous phase, as described in
Appl. Phys. Lett., 49 (1986) 502, and hence, the Ge-Sb-
Te also has the defect of being less apt to form an amor-
phous phase as compared with SbsTes. For this reason,
optical recording media employing such Ge-Sb-Te
have a disadvantage that cooling after melting should
be conducted at a considerably high rate in order to
attain stable recording.

Although the cooling rate may be heightened by
increasing the moving speed (linear speed) of the light
spot, this method is disadvantageous in that as a result of
the increased linear speed, the time during which re-
gions of information to be erased are maintained at a
temperature not lower than the crystallization tempera-
ture in erasing (crystallization) operations is reduced,
resulting in insufficient erasing. That is, in the case of
the optical recording media employing the above-
described Ge-Sb-Te, even if the recording matenal is
improved so as to have a short crystallization time, it
becomes necessary to increase the linear speed because
such improvement results in difficulties in changing the
recording material into amorphous state. Thus, satisfac-
tory erasing properties cannot be obtained. The record-
ing media of the above kind have had problems that the
quality of reproduced signals is poor due to the informa-
tion remaining unerased, waveform distortion at the
edges, etc., and that the increased linear speed leads to
decrease in recording sensitivity.

In place of increasing the linear speed, there may be
a method in which the cooling rate is increased by pro-
viding the optical recording media with a cooling layer
having a high thermal conductivity. This method, how-
ever, 1s also disadvantageous in that the increased cool-
ing rate leads to decrease in erasing property and in
recording sensitivity, as in the above-mentioned case, -

and that the production costs for the optical recording
media are raised.

Further, the above-described Ge-Sb-Te optical re-
cording media require high intensity light source such
as semiconductor laser to enable stable recording by
way of changing the phase from a crystalline state to an

- amorphous state. Furthermore, the S/N of the record-

65

ing media varies to a great extent even with slight
changes in output of the focused light beam. For the
reasons, the recording media are subjected to exposure
to high intensity light every time when rewriting the
recorded information, and in turn, the recording mate-
rial used therein is deteriorated by heat to cause changes
in recording characteristics for a short period of time.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide an
optical recording medium in which a recording material
layer has a shortened crystallization time and improved
stability in an amorphous phase while maintaining its
property of easily changing into amorphous state, and in
which information can be stably rewritten over a wide
linear speed range and recorded information can be
stored for a prolonged period of time.

Another object of the present invention is to provide
an optical recording medium that is capable of high
speed recording or rewriting even without use of high
intensity light and is free from deterioration of record-
ing characteristics even after a number of rewriting
operations and that is capable of maintaining the re-
corded information for a long period of time.

These objects are achieved by an optical recording
medium which is capable of recording, reproducing or
erasing information by means of optical change and
which comprises a substrate plate having thereon a
layer of a recording material that changes reversibly in
optical properties thereof upon irradiation with light or
application of heat or by similar means, wherein the
recording material consists essentially of at least one
element of Group Vb of the periodic table selected from
the group consisting of As, Sb, and Bi and at least one
element of Group VIb of the periodic table selected
from the group consisting of S, Se, and Te, has a com-
position corresponding to that of a mixture of at least
two stoichiometric compounds represented by the
chemical formula Vb, VIbj, and contains at least one of
Se and Te.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating the layer
structure of an optical recording medium according to
the present invention; and

FIGS. 2 and 3 show pseudo-binary system phase
diagrams for recording materials used in Examples 1
and 2, respectively.

FIG. 4 shows a pseudo-binary system phase diagram
of recording materials used in Examples 3 and 4.

FIG. § illustrates an equipment for measuring a crys-
tallization temperature.

FIG. 6 shows a cross-sectional view of specimens
installed in the aforesaid measuring equipment.

FI1GS. 7 and 8 show relationships between a tempera-
ture and a mean reflectance with respect to specimens
prepared in Example 3 and Comparative Example 3,
respectively.

FIG. 9 shows relationship between a pulse width and

a laser power of a specimen prepared in Example 3.
- FIGS. 10 and 11 show relationships between a laser
power and a contrast in reflectance at writing with
respect to specimens prepared in Example 3 and Com-
parative Example 2, respectively.

FIGS. 12 and 13 each shows durability in repeated
rewriting with respect to recording media prepared in
Example 3 and Comparative Example 2.

DETAILED DESCRIPTION OF THE
INVENTION

Examples of the above stoichiometric compounds of
the Vb2VIb; type include compounds containing one
kind of the Vb elements and one kind of the VIb ele-
ments (e.g., as SbaSes, SbaTes, Sb;S3, BixSes, BiyTes,
Bi12S3, As>Ses3, AsyTes, and AsyS3) and compounds con-

4

taining one or more kinds of the Vb elements and one or
more kinds of the VIb elements (e.g., SbySeTes, Bia.
SeTes, BixSeaTe, and Bi1;STes).

The recording material has a composition corre-
sponding to that of a mixture of at least two stoichio-

- metric compounds of the above-described Vb,VIb3
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type, and the mixture preferably contains one of the
Vb2 VIb; type stoichiometric compounds in an amount
of from 5 to 95 mol% based on the mixture.

Any recording material can be employed as long as it
is composed of at least three kinds of elements one or
more of which are selected from Group Vb elements of
As, Sb, and Bi and one or more of which are selected
from Group VIb elements of S, Se, and Te, and contains
at least one of Se and Te. The total content of Se and Te
in the recording material is preferably not less than 30
atomic% based on the total atoms constituting the re-
cording material. Examples of such recording materials
include a ternary composition consisting of three ele-
ments including Se or Te, a quaternary composition
consisting of four elements including Se or Te, and
compositions consisting of five or more elements in-
cluding Se or Te. Specific examples of the recording
material include: mixtures composed of at least three
elements selected from the above-specified elements
and including Se or Te; stoichiometric compounds
formed from the above mixtures, such as Sb;SeTe,,
Bi1;SeTe;, and BixSe;Te; congruent compounds (stoi-
chiometric compounds which do not decompose to
other substances until their melting points) formed from
the above mixtures, such as BisSTe; and solid solutions
composed of at least three elements selected from the
above-specified elements and including Se or Te. Spe-
cific examples thereof further include mixtures obtained
by mixing two or more of the above-described stoichio-
metric compounds and solid solutions in arbitrary pro-
portions, and mixtures obtained by mixing such mix-
tures with the above-described Vb;VIbi-type stoichio-
metric compounds in arbitrary proportions.

Of these recording materials, a solid solution repre-
sented by (SbaTe3)1.x(BizSe3)x wherein 0<x<0.3 is
particularly preferred since the resulting optical record-
ing medium is capable of high speed recording or re-
writing without use of high intensity light and is free
from deterioration of recording characteristics even
after a number of rewriting operations.

As 1s appeared from the pseudo-binary system phase
diagram shown in FIG. 4, the recording material com-
posed of SbaTes and B1;Se; 1s a solid solution wherein
both SbsTe3; and Bi;Se3; melt each other in any mixing
ratio (wholly solid solution). Further the recording
material (SbaTes3)o.g5(Bi2Se3)o 15 (x=0.15) is a congru-
ent solid solution which possesses a peculiar melting
point and which does not decompose to other sub-
stances below the melting point. A recording layer
using such a solid solution is formed of a single phase
and does not undergo phase separation in its crystalline
phase, providing the advantages that the crystallization
time 1s shortened and the recording characteristics do
not change even after a number of rewriting operations.
With a congruent solid solution, more stable recording
characteristics can be obtained as segregation does not
occur in the congruent solid solution during cooling.

The value of x in (SbyTe3)1.x(BiaSes3)x is within the
range of 0<x<0.3 and preferably 0.05=x<0.3.

The term “solid solution” herein used means a phase
wherein atoms located at lattice points in a crystalline
phase peculiar to an element.or a compound are re-
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placed irregularly with another atom, or wherein an-
other atom is statistically distributed between the lattice
gap of a crystalline phase peculiar to an element or a
compound. Namely, the solid solution is considered to
be a phase wherein another material appears to be ho-
mogeneously dissolved-in the crystalline phase.

The basic structure of the optical recording medium
of the present invention comprises a light-transmitting
substrate having thereon, a layer of the recording mate-
rial generally having a thickness of from 10 to 200 nm
and preferably from 20 to 40 nm. A protective layer
may be formed on the recording material layer for the
purpose of preventing the recording material layer from
being deformed in the period of from melting to solidifi-
cation or for protecting the recording material layer
from mechanical damages or oxidation.

As the light-transmitting substrate, a glass plate or a
plate of a resin material such as an acrylic, polycarbon-
ate or epoxy resin, or the like may be used. In the case
where the resin material is employed as the substrate, an
inorganic dielectric layer consisting, for example, of
S10,, ZrO3, ZnS, SizNg, Tar0s, AIN, AlO;, etc., or a
mixture thereof may be provided between the recording
material layer and the substrate for preventing thermal
damages of the resin plate. The thickness of the inor-
ganic dielectric layer is generally from 50 to 200 nm. In
the case where an optical recording medium in which
information is recorded, reproduced, or erased by irra-
diating the recording medium with focused light from
the side of the layer of a recording material instead of
the substrate side, the substrate may, of course, be made
of a light-untransmitting material such as aluminum etc.

Examples of materials constituting the above-
described protective layer include the same materials as
those mentioned above as the material constituting the
inorganic dielectric layer, and further include resin
matenals such as UV-curable resins, acrylic resins,

polycarbonates, and epoxy resins, glasses, etc. The pro-
tective layer may be of a single-layer structure, or may

be a multilayer structure formed by superposing two or
more of the above materials. The thickness of the pro-
tective layer is generally from 10 to 200 nm.

If a resin material is used for the protective layer
which is in contact with the recording layer, an inor-
ganic dielectric layer may be provided between the two
layers, as in the case of the substrate and the recording
material layer. Further, an adhesive layer of 1 to 10 um
In thickness may also be provided between the protec-
tive layer and the inorganic dielectric layer. For the
purpose, conventional adhesives such as a UV-curable
adhesive may be used.

Although conventional optical recording media have
been required to be provided with a thermal diffusion
layer made of a metallic material such as metals (e.g.,

Au, Al, N1, Cr, Ag, Cu and Ti) and metal alloys thereof
in order to increase their cooling rates, such a thermal
diffusion layer is basically not mandatory in the optical
recording medium of this invention. If desired, the ther-
mal diffusion layer may, of course, be formed, for exam-

ple, between the layer of a recording material and the 60

morganic dielectric layer which is formed on the side
opposite to the side to be irradiated with a light beam.
The thickness of the thermal diffusion layer is generally
from 10 to 200 nm.

For forming the recording material layer described
above, a sputtering method, a vacuum deposition
method or the like may be utilized. As the sputtering
method, simultaneous sputtering may be conducted in
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which plural targets are used, and an intended composi-
tion is synthesized and deposited on a substrate to form
a layer of the composition by suitably controlling the
amount of power applied to each target. Alternatively,
sputtering may be carried out by use of one target of an
alloy corresponding to the intended composition. As
the plural targets for use in the above-described simulta-
neous sputtering, targets of alloys consisting essentially
of stoichiometric compounds of the Vb, VIbs type de-
scribed above; targets of alloys formed by blending
Group Vb element(s) with Group VIb element(s), both
selected from the above-specified elements, in arbitrary
proportions; or single-element targets each consisting of
one element selected from the Group Vb and Group
VIb elements specified above may be used.

As the vacuum deposition, a co-deposition technique
may be employed in which plural evaporation sources
are used, and an intended composition is produced and
deposited on a substrate to form a layer of the composi-
tion by controlling the rate of the evaporation of each
source.

In the optical recording medium according to the
present invention, the amorphous-phase regions in the
recording material layer may correspond to informa-
tion-recorded regions with the crystalline-phase regions
corresponding to information-erased regions, as in con-
venttonal optical recording media. Conversely, the am-
orphous-phase regions in the recording material layer
may be used as information-erased regions with the
crystalline-phase regions being used as information-
recorded regions. Either of the two methods can be
arbitrarily selected.

According to the present invention, since the record-
ing material consists essentially of at least one Group
Vb element selected from the group consisting of As,
Sb, and Bi and at least one Group VIb element selected
from the group consisting of S, Se, and Te and has a

composition corresponding to that of a mixture of at
least two stoichiometric compounds represented by the

chemical formula VbyVIb3, formation of an amorphous

phase in the recording material layer is easy; the result-
ing amorphous-phase regions is highly stable; and at the
same time, the recording material layer can have a re-
duced crystallization time.

With respect to the reasons why the recording mate-
rial layer employed in the optical recording medium of
the present invention easily forms an amorphous phase
compared to the conventional Ge-Sb-Te recording
material layers, the present inventors presume as fol-
lows.

Concerning the amorphous phase-forming tendency
(the ability to form an amorphous phase), there has been
a theory proposed by J.C. Phillips, (/. Non-cryst. Solids,
34 (1979) 153 that the number of bonds per atom (coor-
dination number) is important, and when the average
coordination number m for a material is from 2 to 3
(preferably 2.45), the ability of the material to form an
amorphous phase is high.

By applying the above theory to optical recording
media based on the assumption that the average coordi-
nation number m may be calculated from the maximum
numbers of bonds for the atoms, it can be presumed that
among the conventional recording materials, SbyTe3
easily forms an amorphous phase because its m value is
2.4, which is close to the ideal value, while GeTe is less
apt to form an amorphous phase because its m value is
3, which is relatively away from the ideal value. This
presumption 1S in good agreement with experimental
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results. The above assumption that the average coordi-
nation number m may be calculated from the maximum

numbers of bonds for the atoms means that the average
coordination number m is calculated based on the pro-

bonds for a Group IVb element being taken as 4, that
for a Group Vb element as 3, and that for a Group VIb
element as 2. Although the atoms in actual materials are
not always bonded at such maximum numbers of bonds
and there is a description in the above-mentioned litera-
ture, J. Non-cryst. Solids, 34 (1979) 153, to the effect that
the ideal value somewhat varies with materials but the
tendency does not change. Hence, the above assump-
tion that the average coordination number m may be
calculated from the maximum numbers of bonds for the
atoms is not necessarily wrong. |
Therefore, by applying the above view to a ternary
system, it is believed that the Ge-Sb-Te recording mate-
rial, which 1s a mixture of SbaTe; with GeTe, becomes
less apt to form an amorphous phase as the proportion
of GeTe increases, because higher the GeTe propor-

tion, the greater the difference between the average

coordination number m and the ideal value. On the
other hand, in the case of the optical recording medium
of this invention, since the recording material has a
composition corresponding to that of a mixture of at
least two stoichiometric compounds of the VbaVIbs
type having average coordination numbers m close to
the ideal value, the average coordination number for
the recording material as a whole is also close to the
ideal value and, hence, the recording material layer can
easily form an amorphous phase.

The reasons why such recording material layer in the
optical recording medium of this invention has a short
crystallization time as compared to the conventional
Ge-Sb-Te are as follows. Because the stoichiometric
compound of the Vb,VIb; type is a compound having
strong covalent bonds, the free energy of the compound
in a crystalline phase is low, so that the free energy in a
crystalline phase of the recording material having a
composition corresponding to that of a mixture of such
compounds 1s also low. Therefore, the difference in free
energy between the crystalline phase and the amor-
phous phase (transformation energy) is large, and this
results 1n a short crystallization time. On the other hand,
the conventional Ge-Sb-Te, which is a mixture of
SbaTe; having a short crystallization time with GeTe
having a long crystallization time, necessarily has a
longer crystallization time than the Sb;Tes.

The reason why the above-described recording mate-
ral layer is highly stable in an amorphous phase is that
since this recording material is a multi-element material
consisting essentially of three or more elements (four
elements in the case of the preferred recording material
(SbaTes)1.x(B1a, Se3)x, wherein 0<x<0.3) the move-
ment of atoms is effectively suppressed due to the differ-
ent atomic radiuses and, hence, the activation energy of
this recording material is higher than those of binary
materials. '

Furthermore, since the recording material employed
in the optical recording medium contains at least one of
Se and Te, the recording material layer has the property
of absorbing visible light and near infrared light.

The present invention will be explained below in
greater detail by reference to the following Examples.
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EXAMPLE 1 AND COMPARATIVE EXAMPLE 1

Optical recording media produced and evaluated in

_ ~ this Example each had the layer structure as shown in
portions of respective elements, with the number of 3

FI1G. 1. Specifically, each recording medium was com-
prised of, in sequence, a 1.2 mm-thick acrylic resin sub-
strate (1), a 100 nm-thick inorganic dielectric layer (2)
of SiO3, a 100 nm-thick recording matenal layer (3) of
Bi-S-Te, a 100 nm-thick inorganic dielectric layer (4) of
S10,, an adhesive layer (5) of a UV-curable movable
resin, and a 1.2 mm-thick protective plate (6) of an
acrylic resin.

The recording material layer (3) in each of such opti-
cal recording media was formed by RF magnetron
sputtering using two alloy targets consisting of BixTes
and Bi3S3, respectively. In more detail, the alloy targets
were mounted in the RF magnetron sputtering cham-
ber, and the pressure in the chamber was reduced to
2X 10—6 Torr, followed by introducing argon gas to
adjust the pressure to 4X10-3 Torr. The RF power
applied to the respective alloy targets was suitably con-
trolled within the range of from 25 to 200 W to obtain
recording material layers having compositions shown in
Table 1 below. |

In Table 1, optical recording media No. 4 and 5 are
comparative samples prepared in the same manner as
described above, except that a Bi-Te recording matenal
and a Ge-Sb-Te recording material were formed, re-
spectively (Comparative Example 1). The recording
material layer in the sample No. 4 was formed by RF
magnetron sputtering using one alloy target consisting
of BiyTe3, whiie that in the sample No. 5 was formed by
RF magnetron sputtering using two alloy targets con-
sisting of SboTes and GeTe, respectively.

Each of the thus-obtained optical recording media
showed light absorption in the range of from the visible
region to the near infrared region, showing that they
were able to be used as optical recording media at least
in the wavelength range of from 400 nm to 860 nm.

Hence, using a semiconductor laser emitting a laser
beam with a wavelength of 830 nm as a light source,
those recording media were evaluated for recording
and erasing properties. The results obtained are summa-
rized in Table 1.

The properties shown in Table 1 were evaluated
based on the following criteria.

ABILITY OF FORMING AMORPHOUS PHASE

Recording media which formed an amorphous phase
under conditions of 3 m/s linear speed are expressed by
A, and ones which did not form an amorphous phase
are expressed by B.

CRYSTALLIZATION TIME

Recording media which formed a crystalline phase in
a period of 200 ns are expressed by A, and ones which
did not form a crystalline phase are expressed by B.

STABILITY

Recording media having crystallization temperatures
not lower than 120° C. are expressed by A, and ones
having crystallization temperatures below 120° C. are

expressed by B.
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TABLE 1
Ability of
- Forming  Crystalli-
Sample Composition of Amorphous  zation
No. Recording Layer Phase Time Stability
1 (BiTe)so(BizS0 A A A
2 (BizTe3)s7(Bi2S3)33 A A A
3 (BiaTes)s0(B12S3)60 A A A
4 BisTe3 A A B
-5 (SbsTe1)33(GeTe)sr B A A

As apparent from Table 1, optical recording media
Nos. 1 to 3 according to the present invention easily
formed an amorphous phase compared to the compara-
tive sample No. 5, and the crystallization times of the
sample No. 1 to 3 are as short as those of the compara-
tive sample No. 4 and 5. For this reason, recording and
erasing of information in the optical recording media
according to the present invention were able to be sta-
bly conducted in a hnear speed range which was wider
than that for conventional optical recording media.
Further, the recording media of this invention had high
crystallization temperatures compared to the compara-
tive sample No. 4 and showed excellent stability in an
amorphous phase.

In optical recording medium No. 2, in particular, the
Bi-S-Te recording material in a crystalline phase was
ascertained to be a single-phase material consisting of a
stoichiometric compound of the chemical formula Bis.
TeaS, as expected from the pseudo-binary system phase
diagram shown in FIG. 2. This optical recording me-
dium had a short crystallization time and was stable in
repeated rewriting operations.

EXAMPLE 2

The optical recording media produced in this Exam-
ple were substantially the same as those in Example 1
except that the recording material layers in the record-
ing media of this Example consisted of Sb-Bi-Se-Te.

- The recording material layers of Sb-Bi-Se-Te were
formed by simultaneous sputtering using two alloy tar-
gets consisting of BiyTe3 and Sb;Ses, respectively.

n

10

10

level within the range of from 25 to 200 W and applying
to the alloy targets.

EXAMPLE 4

An optical recording media was prepared in the same
manner as in Example 3, except that the composition of

the recording material layer was changed to
(SbyTes)o.75(BiaSes)o.2s.
COMPARATIVE EXAMPLE 2

An optical recording media was prepared in a similar
manner as in Example 3, except that the recording mate-

- rial layer of Ge;SbaTes was formed by RF spattering
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In the optical recording media produced in this Ex-

ample, the recording material layers easily formed an
amorphous phase, had short crystallization times, and
were highly stable in an amorphous phase.

It was ascertained that where the molar percentage of
SbaSe3 was not higher than about 70%, such recording
materials were a single-phase solid solution consisting
-~ of BiyTes and SbySes, as expected from the pseudo-
binary system phase diagram shown in FIG. 3. Such
optical recording media had short crystallization times
and were stable i1n repeated rewriting operations.

EXAMPLE 3

An optical recording medium having the layer struc-
ture, as shown in FIG. 1 was prepared by forming on a
1.2 mm-thick glass substrate (1), in sequence, a 100
nm-thick inorganic dielectric layer(2) of ZnS by sput-

tering, a 100 nm-thick recording material layer (3) of 60

(SbaTes)o g5(B12Ses)o.1s formed by sputtering, a 200
nm-thick inorganic dielectric layer (4) of ZnS formed
by sputtering, an adhesive layer (5) of a UV-curable
novlac resin, and a 1.2 mm-thick protective plate (6) of
an acrylic resin. -

The recording material layer (3) was formed by RF

45

30

55
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magnetron Sputtering using two alloy targets, SbyTes

and B13Se3, and adjusting RF power to an appropriate

using a single piece of Ge,SbaTes alloy target.
COMPARATIVE EXAMPLE 3

An optical recording medium was prepared in a simi-
lar manner as in Example 3, except that the recording
matenial layer was SbyTes.

REFERENCE EXAMPLE

An optical recording medium was prepared in the
same manner as in Example 3, except that the recording
material layer was (SbaTes3)o.5(Bi2Ses)g.s.

The following tests were performed to measure vari-
ous characteristics of the optical recording media pre-
pared in Examples 3 and 4, Comparative Examples 2
and 3 and Reference Example. In the tests, the amor-
phous-phase region and the crystalline-phase region in
the recording material layer corresponded to an infor-
mation-recorded region and an information-erased re-
gion, respectively.

CRYSTALLIZATION TEMPERATURE (Tx ° C.)

For measurement of crystallization temperature,
specimens having the layer structure as shown in FIG.
6 were prepared by forming on a 1.2 mm-thick glass
substrate (1) glass of 1.5 mm X 1.5 mm in size, a 100
nm-thick inorganic dielectric layer (2) of ZnS, a 100
nm-thick recording material layer (3) as described in
Examples 3 and 4, Comparative Examples 2 and 3 and
Reference Example, respectively, and a 200 nm-thick
inorganic dielectric layer of ZnS.

A number of amorphous marks of 1 um in diameter
was formed in a region of about 200 pmX200 um
square by irradiating laser beam onto the recording
material layer of each specimen after heating the speci-
men at 300° C. in a heating device to crystallize the
recording layer. Then, each specimen having amor-
phous marks thus formed was installed in a measuring
equipment consisting of heating device (10) and spec-
trophotomicroscope (20). The amorphous marks of the
specimen were gradually heated at a rate of 20° C./min
to crystallize, and at the same time variation of mean
reflectance of the 200 um X200 pm square was mea-
sured. FIGS. 7 and 8 show relationships between the
temperature and the mean reflectance with respect to
Example 3 and Comparative Example 3, respectively.

The temperature at which the increase in reflectance
reaches 10% of the total increase was defined as “crys-
tallization temperature”. The crystallization tempera-
ture as measured are shown in Table 2. The higher the
crystallization temperature, the amorphous mark
formed on the recording material layer is less liable to
crystalize, and the high crystallization temperature
means that the recorded information is retained for a
long period of time.
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CRYSTALLIZATION TIME (TX NS)

Each of the optical recording media prepared in Ex-
amples 3 and 4, Comparative Examples 2 and 3 and
Reference Example was irradiated with a semiconduc-
tor laser beam of 820 nm with changing the laser power
within the range of 1 to 30 mW and its pulse width
within the range of 20 to 10000 ns so as to examine
necessary conditions for the recording material layer to
become crystalline or amorphous with an objective lens
having a numerical aperture of 0.5.

The shortest pulse width at which the increase in
reflectance of the recording material layer in an amor-
phous state reaches 10% of the reflectance in the amor-
phous state was defined as “crystallization time”. The
crystallization time as measured are shown in Table 2.
The shorter time implies that the recording material
layer is more easily crystallized, and this means that the
recorded information is either erased or rewritten in the
recording material layer at a higher speed.

POWER TO MAKE AMORPHOUS (PA mW)

The minimum laser power of laser beam having a
pulse width of 100 ns with which the contrast in reflec-
tance (AR/R) as defined below reaches 0.01 was-
defined as “power to make amorphous”. The minimum
laser power was measured and the results are shown in
Table 2. The lower is the power, more easily the re-
cording material layer becomes amorphous and this
means that the recording material layer possesses a
higher sensitivity in writing and rewriting. Accord-
ingly, the writing or rewriting is possible with a lower
output laser and thus durability in repeated rewriting is
improved due to less heat stress on optical recording
media. |

FIGS. 9 to 11 show the date obtained in the measure-
ments of the crystallization time (tx ns) and the power
to make amorphous (Pa mW).

FIG. 9 shows relationship between the pulse width
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and the laser power in the optical recording medium of 40

Example 3 upon overwriting. FIG. 9 shows that the
recording layer proceeds to an amorphous state, regard-
less of its prior state, with the laser pulse within the
region shown by black dots, whereas the crystallization
proceeds, regardless of its prior state, with the laser
pulse within the region of white dots. It is seen from
FIG. 9 that overwriting can be effected with a single

435

hght beam. The crystallization time (60 ns) as defined is

pointed out by the arrow.

FIGS. 10 and 11 show relationships between the laser
power and contrast in the reflectance in writing of the
optical recording media of Example 3 and Comparative
Example 2, respectively. The contrast in reflectance
herein means a value represented by AR/R wherein R is
“the reflectance.after recording and AR is the difference
(increase) between the reflectance after erasing and the
reflectance after recording (R). A small contrast
(AR/R) imphies that a reproduced signal is obtained
with difficulty and that the S/N tends to fluctuate with
slight changes of laser output.

It 1s seen from FIG. 10 that writing of information
can be effected on the optical recording medium of
Example 3 with a laser power of about 10 mW and even
1f the laser output fluctuates the S/N is constant with a
laser power of about 15 mW at which the contract
(AR/R) gets close to a constant value. In FIG. 10, the
power to make amorphous (10 mW) as defined is
pointed out by the array.
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On the contrary, it is seen from FIG. 11 that writing
of information cdnnot be effected on the optical record-
ing medium of Comparative Example 2 unless the laser
power is increased to more than 15 nW, and thus dura-
bility in repeated rewriting of the medium is poor and

further that the contrast in reflectance (AR/R) increases

linearly as the laser power increases so that the S/N
tends to fluctuate.

DURABILITY IN REPEATED REWRITING

Using the optical recording media of Example 3 and
Comparative Example 2, the durability in repeated re-
writing was examined by irradiating laser pulse for
recording and erasing alternatively. The pulse condi-
tions for recording and erasing are 100 ns at 19 mW and
100 ns at 9 mW, respectively, for the optical recording
medium of Example 3, whereas they are 100 ns at 19
mW for recording and 100 ns at 10 mW for erasing for
the medium of Comparative Example 2. FIGS. 12 and
13 show relationships between the contrast (AR/R) and
the number of rewriting with respect to the optic re-
cording media of Example 3 and Comparative Example
2, respectively. The abrupt decrease in contrast (AR/R)
at the repeated rewriting of 104 as shown in FIG. 13 is
considered to because strong stress generated in the
inorganic dielectric layers (2) and (4) made of ZnS,
which is adjacent to the recording material layer of
Ge;SbaTes due to a large volume difference between
the crystalline phase and the amorphous phase of
Ge,;SbyTes, as compared to that in the medium of Ex-
ample 3, so that the adjacent layers (2) and (4) were
damaged. It 1s seen from FIGS. 12 and 13 that the optic
recording medium of Example 3 exhibits superior dura-
bility in repeated rewriting to that of Comparative Ex-
ample 2. |

TABLE 2
Crystaliization Crystallization Power to make
temperature time amorphous
Tx (°C.) tx (ns) P a (mW)

Example 129 60 10
3
Example 136 120 10
4
Comp. 134 20 14
Ex. 2
Comp. 101 30 11
Ex. 3
Ref. 143 160 11
Ex.

It 1s seen from the above results that the optic record-
ing media of Examples 3 and 4 are, as a whole, superior
to those of Comparative Examples 2 and 3 and Refer-
ence Example as described in detail below.

CRYSTALLIZATION TEMPERATURE

The crystallization temperature is more or less the
same in the media other than that of Comparative Ex-

ample 3 and is about 130° C. or higher. Therefore, the
optic recording media other than that of Comparative

- Example 3 provide relatively good storage stability of

65

the recorded information.

While FIG. 7 shows the mean reflectance of the me-
dium of Example 3 at the heating rate of 20° C./mun, it
was found that the crystallization temperature was
about 140" C. at the rate of 60° C./min and about 150°
C. at the rate of 100° C./min, and that the amorphous
marks were more stable.
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CRYSTALLIZATION TIME

The optic recording media other than that of Refer-
ence Example have the crystallization time of 120 ns or

less and can be practically used for high speed record-
ing or rewriting.

POWER TO MAKE AMORPHOUS

The optic recording medium of Comparative Exam-
ple 2 1s superior to those of Comparative Example 3 and
Reference Example in crystallization temperature and
crystallization time, but the former needs the laser
power for making amorphous as high as 14 mW and is
~ considered to have very low sensitivity. Further, the
medium of Comparative Sample 2 exhibits the contrast
(AR/R) changed linearly as the laser power increases,
as shown in FIG. 11. Thus the medium of Comparative
Example 2 is inferior to those of Example 3 and 4 in
terms of the S/N stability.

DURABILITY IN REPEATED REWRITING

As is seen from the results about the power to make
amorphous in Table 2, the optical recording medium of
Comparative Example 2 requires high laser power for
recording and rewriting and, as the result, thermal
stress 1s applied onto materials of the optical recording
medium so that the materials are thermally deteriorated
upon repeated rewriting. Further, the inorganic dielec-
tric layer (2) and (4) are damaged due to strong stress
generated on the inorganic dielectric layers (2) and (4)
made of ZnS which are adjacent to the recording mate-
rial layer because of large volume difference between
the crystalline phase and the amorphous phase of
Ge;SbaTes which constitutes the recording material
layer. Thus, the optic recording medium of Compara-
tive Example 2 is inferior in the durability in repeated
rewriting to those of Examples 3 and 4.

As described above and demonstrated in the Exam-
ples, since the recording material constituting the re-
cording material layer in the optical recording medium
of this invention consists essentially of at least one
Group Vb element selected from As, Sb, and Bi and at
least one Group VIb element selected from S, Se, and
Te and has a composition corresponding to that of a
mixture of at least two stoichiometric compounds repre-
sented by the chemical formula Vb, Vibs, the recording
matenal layer easily forms an amorphous phase, with
the thus-formed amorphous-phase regions being highly
stable, and further the recording material layer can have
a reduced crystallization time.

Therefore, the optical recording medium of this in-
vention has advantages that stable recording and eras-
ing of information are possible over a wide linear speed
range so that reproduced signals are of good quality and
high recording sensitivity is attained, and that the re-
corded information can be stored for a prolonged per-
10d of time.

Another advantage of the optical recording medium
of this invention is that since the recording material
layer has the property of absorbing visible and near
infrared light because the recording material constitut-
ing the recording material layer contains at least one of
Se and Te, widely utilized semiconductor lasers or the
like may be used.

Still other advantages of this invention are that in the
case where the recording material having the above
specified composition is a single-phase material consist-
ing essentially of stoichiometric compounds, the free
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energy of the recording material in a crystalline phase
becomes even lower so that the crystallization time
thereof can be even more reduced, and that since the
crystalline phase does never undergo phase separation,
the recording characteristic of the recording material
layer are not impaired even if rewriting is repeated
many times.

A further advantage of this invention is that in the
case where the above-described stoichiometric com-
pounds are congruent compounds, there is no formation
of other substances during cooling operations, so that
the characteristics of the recording material layer are
not impaired even if rewriting is repeated many times.

Still a further advantage of this invention is that in the
case where the recording material having the above-
specified composition is a single-phase material consist-
ing essentially of a solid solution, since the crystalline
phase does never undergo phase separation, the record-
ing material layer has a reduced crystallization time and
the recording characteristics thereof are not impaired
even if rewriting is repeated many times.

Still another advantage of this invention is that in the
case where the recording material is a solid solution
represented by (SbaTes)1.x(Bi2Ses)x wherein 0 <x<0.3,
since the recording material forms an amorphous phase
more easily and the resulting amorphous phase is more
stable, high speed recording and rewriting can be ef-
fected, thermal stress to the material can be minimized,
the durability in repeated rewriting can be improved,
and the recorded information can be retained for a long
period of time.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What 1s claimed is:

1. An optical recording medium capable of recording,
rewriting and erasing information utilizing changes in
optical properties, which comprises a substrate having
thereon a layer of a recording material that changes
reversibly in optical properties thereof upon irradiation
with light or application of heat, wherein said recording,
material consists essentially of at least one element of
Group Vb of the periodic table selected from the group
consisting of As, Sb, and Bi and at least one element of
Group VIb of the peniodic table selected from the
group consisting of S, Se, and Te; has a composition
corresponding to that of a mixture of at least two stoi-
chiometric compounds represented by the chemical
formula Vb,VIbs; and contains at least one of Se and
Te.

2. An optical recording medium as in claim 1,
wherein said recording material is a single-phase mate-
rial consisting essentially of said stoichiometric com-
pounds.

3. An optical recording medium as in claim 2,
wherein said stoichiometric compounds are congruent
compounds.

4. An optical recording medium as in claim 1,
wherein said recording material i1s a single-phase mate-
rial consisting essentially of a solid solution.

S. An optical recording medium as in claim 1,
wherein said recording matenal consists essentially of a
solid solution represented by (SbaTec)x(BixSel)x
wherein 0<x<0.3.

6. An optical recording medium as in claim 5,
wherein said recording material consists essentially of a
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solid solution represented by (SbaTes)i.x(BiaSes);,
wherein 0.05=x<0.3.

7. An optical recording medium as in claim 1,
wherein said stoichiometric compound represented by
the chemical formula VbyVIbs is selected from the

group consisting of SbaTes;, SbyS3, BixSes, BipTe;,
Bi5S3, AsySes, AsyTes, AsyS3, SbySeTe;, BixSeTes,
B1;Se;Te and Bi)Stes. |

8. An optical recording medium as in claim 1,
wherein said mixture contains one of stoichiometric
compounds represented by the chemical formula
Vb, VIbs in an amount of from 5 to 95 mol% based on
the mixture.
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9. An optical recording medium as in claim 1,
wherein the total content of Se and Te in the recording
material is not less than 30 atomic% based on the total
atoms constituting the recording material.

10. An optical recording medium as in claim 1, which
comprises the substrate having thereon, in sequence, the
layer of a recording material and a protective layer.

11. An optical recording medium as in claim 10,
which further comprises an inorganic dielectric layer
formed between the layer of a recording material and
the substrate or the protective layer. |

12. An optical recording medium as in claim 1,
wherein said layer of a recording material has a thick-

ness of from 10 to 200 nm.
% L » & |
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